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表1 2005年の土壌採取後から2010年の土壌採取前までの間（５年間）に，各処理区に施用
された施用資材の量，それらに含まれた P?O?，K?O，CaO，およびMgO成分量
無施用区(N) 堆肥区(M) 消化液区(S) 化学肥料区(C)
堆肥［t/10a］ 0 10 0 0
消化液［t/10a］ 0 0 31 1
化肥肥料［kg/10a］ 0 10 0 200
P?O?［kg/ha］ 0 620 433 214
K?O［kg/ha］ 0 696 1143 357
CaO［kg/ha］ 0 ND 781 25

































































































2005年 2010年 判定♯3 2005年 2010年 判定♯3 2005年 2010年 判定♯3
P?O? 有効態リン酸（P?O?）
無施用区（N） 0 71.1 54.1 ↓ 70.8 52.4 ↓ 70.9 53.4 ↓
堆肥区（M） 620 75.8 81.3 NS 67.1 62.9 NS 68.6 66.6 NS
消化液区（S） 433 64.9 61.7 NS 61.7 53.9 ↓ 61.9 59.3 NS
化学肥料区（C） 214 66.7 58.3 ↓ 61.7 50.6 ↓ 66.5 51.9 ↓
K?O 交換性カリ（K?O）
無施用区（N） 0 18.5 9.1 ↓ 10.7 6.4 ↓ 13.6 9.1 ↓
堆肥区（M） 696 20.9 18.8 NS 7.5 6.6 NS 6.6 5.7 NS
消化液区（S） 1143 17.7 7.8 ↓ 6.2 4.3 ↓ 7.0 4.4 ↓
化学肥料区（C） 357 11.3 7.6 NS 5.9 4.3 ↓ 6.2 4.4 NS
 
CaO 交換性石灰（CaO）
無施用区（N） 0 355 342 NS 376 365 NS 373 371 NS
堆肥区（M） ND 325 359 ↑ 336 316 NS 336 321 NS
消化液区（S） 781 337 323 NS 360 330 ↓ 355 341 NS
化学肥料区（C） 25 292 275 NS 319 310 NS 319 313 NS
 
MgO 交換性苦土（MgO）
無施用区（N） 0 39.7 36.0 NS 33.2 29.5 ↓ 31.5 28.5 ↓
堆肥区（M） ND 43.8 57.4 ↑ 31.2 31.1 NS 28.1 26.4 NS
消化液区（S） 298 39.8 47.0 ↑ 26.0 30.7 ↑ 25.5 27.4 NS














































































The objective of this study was to analyze
 
long-term changes in soil properties of a grass-
land at Rakuno Gakuen University,where anaer-
obically digested cattle slurry,farmyard manure,
or chemical fertilizer had been continuously
 
applied to the surface since 2004. We sampled
 
the soil(0-20 cm)from 40 points of the grassland
 
in September 2005 (1 year after the application
 
treatments), in August 2007 (3 years), and in
 
September 2010 (6 years). We measured the
 
concentration of four nutrients in the soil:avail-
able phosphorus (P?O?)and exchangeable cations
(K?O, CaO, MgO). The results of two way
 
repeated measures ANOVA showed the signifi-
図3 土壌中の交換性石灰の年次推移。（書式は図１と同様)
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cant interaction (treatment x year)for all nutri-
ents in the topsoil (0-5 cm). These results indi-
cate that time courses of the nutrient concentra-
tion in the topsoil during five years were different
 
among applied materials. However,the relation-
ship between the amount of applied nutrition and
 
the change in its concentration in the topsoil was
 
observed only in P?O?and MgO,suggesting that
 
mass balance should be considered to explain the
 







































N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 62.0 74.5 68.6 75.3 73.1 55.0 70.7 61.8
(2007) 55.7 64.0 52.1 65.0 78.0 48.5 61.5 53.8
(2010) 52.8 74.9 69.3 59.8 94.1 65.3 54.9 46.0
UM (2005) 61.1 68.4 51.4 55.0 64.3 63.8 58.8 68.4
(2007) 56.6 63.6 50.2 58.9 58.8 69.3 62.9 56.1
(2010) 51.5 77.0 43.4 49.1 86.8 71.4 66.4 51.9
M (2005) 68.2 77.6 62.4 64.8 173.7 62.0 67.7 74.7
(2007) 63.2 69.2 57.9 50.8 82.7 59.4 64.6 63.1
(2010) 56.7 76.5 46.5 42.6 68.5 60.6 70.5 51.1
LM (2005) 71.5 62.1 58.4 64.6 83.4 74.0 68.5 82.5
(2007) 65.5 63.5 58.0 53.5 72.9 72.2 56.1 73.7
(2010) 60.3 86.6 47.6 42.8 91.7 68.8 63.2 52.6
L (2005) 74.2 90.9 72.5 67.4 88.3 81.0 74.4 86.7
(2007) 70.1 79.7 61.9 60.0 73.8 77.6 71.7 77.0
(2010) 68.4 71.9 62.6 65.7 85.0 81.3 68.0 49.3
最上行のN-は無施用区，M-は堆肥区，S-は消化液区，C-は化肥区を示す。




N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 60.9 75.1 63.4 66.9 64.7 50.7 61.8 64.5
(2007) 55.4 63.2 60.0 62.6 66.6 48.5 55.1 53.0
(2010) 51.8 66.9 48.6 50.7 66.6 59.1 46.9 42.7
UM (2005) 65.4 56.7 44.3 46.4 50.0 52.6 55.6 64.8
(2007) 64.9 48.0 35.4 46.7 50.6 54.6 52.2 60.7
(2010) 47.8 54.3 42.3 40.1 62.9 63.5 54.5 53.8
M (2005) 74.2 66.1 53.5 64.2 62.2 62.1 54.8 67.1
(2007) 70.8 67.7 52.1 46.0 48.4 44.5 59.6 68.3
(2010) 56.2 50.6 42.4 38.1 59.5 53.7 59.5 49.1
LM (2005) 74.6 65.6 60.1 64.3 78.1 68.1 67.8 73.6
(2007) 70.4 54.2 49.8 48.1 59.5 53.2 45.9 70.3
(2010) 61.8 64.7 39.7 43.5 72.0 54.1 65.9 49.3
L (2005) 78.3 83.6 76.4 56.4 68.5 85.3 78.8 84.6
(2007) 71.0 74.1 64.8 46.3 70.6 72.9 66.6 78.9
(2010) 66.4 68.0 55.0 37.0 63.7 80.9 69.9 45.4
付表3 深さ15-20cmにおける可給態リン酸（ブレイNo.2）［mg P?O?/100g］の結果。（書式は付表１に同じ）
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 66.9 72.0 59.5 67.5 62.2 65.2 70.8 64.5
(2007) 57.4 70.0 57.6 67.5 59.0 54.0 63.3 55.0
(2010) 54.0 69.0 57.2 57.2 67.2 64.8 48.5 50.5
UM (2005) 65.5 53.4 43.9 54.7 48.1 50.2 58.9 69.8
(2007) 67.5 51.4 41.7 48.9 59.9 60.6 62.3 63.5
(2010) 49.8 53.7 41.1 39.5 68.9 62.5 54.4 49.0
M (2005) 73.3 73.1 42.8 67.4 74.6 69.3 66.0 63.7
(2007) 69.0 67.7 53.3 63.6 63.3 57.6 65.6 64.0
(2010) 57.6 63.8 50.0 47.1 68.2 64.0 61.2 49.3
LM (2005) 74.0 65.4 55.6 73.7 78.9 77.2 69.5 73.6
(2007) 71.3 58.3 55.2 49.8 57.7 63.4 58.3 69.4
(2010) 59.9 64.3 46.9 43.9 74.6 61.6 67.8 51.5
L (2005) 74.3 81.0 75.1 57.1 77.1 80.0 78.9 83.5
(2007) 72.7 69.5 72.4 63.7 75.4 71.2 70.9 82.8
(2010) 65.8 77.4 64.9 29.1 58.6 80.4 70.6 46.5
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付表4 深さ0-5cmにおける交換性カリ［mg K?O/100g］の結果。（書式は付表１に同じ）
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 12.3 14.9 10.1 12.8 13.6 14.1 15.5 20.1
(2007) 10.9 16.1 15.8 7.2 14.3 11.5 6.9 9.2
(2010) 7.1 6.3 6.8 6.7 10.9 10.5 6.7 9.8
UM (2005) 17.8 12.4 20.2 7.5 15.8 19.1 13.4 18.3
(2007) 14.0 11.8 24.3 8.6 13.7 37.2 8.5 9.5
(2010) 6.3 10.8 4.5 6.5 19.8 7.8 6.3 13.3
M (2005) 12.2 26.9 18.3 7.7 25.1 14.7 9.7 21.9
(2007) 7.7 12.6 18.0 5.6 9.4 20.5 5.8 7.6
(2010) 5.9 11.0 4.8 6.1 11.7 7.2 7.3 13.6
LM (2005) 15.8 16.0 14.7 8.0 15.8 16.7 11.8 26.9
(2007) 8.2 16.1 21.8 7.9 21.9 42.1 7.5 16.9
(2010) 6.3 25.1 5.6 7.6 28.7 6.7 6.7 11.5
L (2005) 16.2 33.8 18.6 12.7 35.1 30.7 14.3 23.6
(2007) 9.1 8.5 8.6 9.4 13.9 45.2 7.1 17.3
(2010) 5.5 7.7 9.8 13.5 56.0 13.8 8.2 12.1
付表5 深さ7.5-12.5cmにおける交換性カリ［mg K?O/100g］の結果。（書式は付表１に同じ)
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 8.9 7.6 5.4 5.4 5.9 5.6 6.8 12.7
(2007) 6.3 4.8 6.6 5.7 7.0 5.5 4.8 7.0
(2010) 4.5 3.7 3.3 3.6 6.1 3.6 4.8 7.8
UM (2005) 13.3 6.7 5.1 4.2 5.4 4.8 5.6 8.4
(2007) 10.2 6.0 6.9 5.0 4.4 6.3 4.5 6.2
(2010) 4.5 5.1 4.1 3.3 5.9 4.0 4.1 7.3
M (2005) 8.8 8.3 4.4 4.4 5.1 6.3 5.4 8.5
(2007) 7.0 6.7 6.6 3.6 4.8 5.7 4.5 6.3
(2010) 4.4 4.6 3.3 3.3 3.9 4.7 4.3 8.9
LM (2005) 10.0 7.4 6.1 4.8 8.0 7.2 8.5 12.6
(2007) 7.0 5.6 10.4 4.0 10.5 9.1 5.5 10.4
(2010) 4.3 6.7 4.0 3.9 7.3 4.6 4.9 9.8
L (2005) 9.2 8.8 6.3 5.3 11.7 10.9 8.1 14.2
(2007) 8.1 6.0 5.3 6.9 8.7 10.7 5.8 9.1
(2010) 4.7 4.7 4.5 5.3 18.1 6.8 5.2 8.0
付表6 深さ15-20cmにおける交換性カリ［mg K?O/100g］の結果。（書式は付表１に同じ)
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 13.8 6.8 6.1 5.6 6.8 11.6 7.9 15.3
(2007) 8.6 6.0 5.0 4.7 5.2 4.9 5.1 8.5
(2010) 5.4 4.1 3.5 4.0 4.4 4.1 5.1 9.2
UM (2005) 15.6 7.7 4.5 4.3 4.9 5.3 6.2 12.8
(2007) 10.2 6.3 5.1 3.7 5.7 8.3 4.9 7.7
(2010) 5.1 4.0 3.6 3.2 4.9 4.1 4.0 11.3
M (2005) 10.6 7.2 4.9 4.6 6.0 8.5 6.5 7.9
(2007) 7.5 6.1 5.8 3.5 4.6 5.6 4.7 6.4
(2010) 4.7 4.2 3.3 3.4 4.1 4.8 4.0 15.2
LM (2005) 14.6 6.1 6.0 4.8 5.6 6.6 8.3 14.5
(2007) 8.2 6.0 5.2 3.9 6.2 7.4 6.0 10.7
(2010) 4.5 5.4 4.1 4.1 7.9 4.5 4.7 18.1
L (2005) 11.9 7.8 6.1 6.0 7.5 10.6 8.1 18.5
(2007) 8.7 5.2 6.8 7.0 6.2 11.0 6.1 10.3
(2010) 5.1 4.8 4.1 5.5 12.7 8.0 5.8 12.4
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付表7 深さ0-5cmにおける交換性石灰［mg CaO/100g］の結果。（書式は付表１に同じ）
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 415 267 249 248 261 476 269 312
(2007) 394 269 282 264 275 531 259 301
(2010) 346 303 284 263 401 346 239 328
UM (2005) 380 333 361 326 282 310 292 294
(2007) 337 336 347 316 312 316 267 285
(2010) 308 346 350 275 323 329 246 294
M (2005) 369 334 281 257 273 253 260 265
(2007) 334 319 312 250 297 302 262 286
(2010) 322 351 279 247 289 298 237 304
LM (2005) 392 354 322 290 364 339 292 321
(2007) 384 341 332 269 343 316 243 290
(2010) 371 403 291 276 379 308 245 366
L (2005) 405 362 334 339 419 449 350 401
(2007) 402 363 295 354 409 422 331 396
(2010) 399 344 340 407 455 405 318 386
付表8 深さ7.5-12.5cmにおける交換性石灰［mg CaO/100g］の結果。（書式は付表１に同じ)
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 442 299 280 251 274 508 333 344
(2007) 420 310 311 291 267 596 318 333
(2010) 380 272 259 274 306 403 307 341
UM (2005) 401 331 367 355 285 309 315 314
(2007) 376 326 359 360 316 334 337 302
(2010) 337 311 360 301 290 328 277 288
M (2005) 369 365 316 296 281 292 294 300
(2007) 370 349 318 264 281 316 295 303
(2010) 344 307 290 263 278 290 291 330
LM (2005) 393 367 335 310 355 374 312 329
(2007) 409 355 348 316 341 316 283 322
(2010) 367 330 313 325 311 314 302 389
L (2005) 448 383 351 347 415 468 377 420
(2007) 448 360 321 354 439 437 368 414
(2010) 446 336 330 400 417 413 359 424
付表9 深さ15-20cmにおける交換性石灰［mg CaO/100g］の結果。（書式は付表１に同じ)
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 426 316 281 271 274 555 312 334
(2007) 406 287 293 272 279 614 297 316
(2010) 395 282 274 280 312 443 289 346
UM (2005) 386 313 362 352 283 316 317 306
(2007) 380 325 357 351 308 322 327 307
(2010) 358 317 369 304 293 330 283 292
M (2005) 382 357 283 304 282 285 286 292
(2007) 378 339 312 281 292 311 288 318
(2010) 358 304 297 289 286 302 283 345
LM (2005) 408 361 306 323 371 349 270 323
(2007) 402 355 350 302 353 341 279 332
(2010) 382 334 323 327 330 328 300 388
L (2005) 459 366 347 362 434 470 388 409
(2007) 449 359 322 371 452 468 390 417
(2010) 437 339 327 403 409 412 367 412
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付表10 深さ0-5cmにおける交換性苦土［mg MgO/100g］の結果。（書式は付表１に同じ)
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 33.1 54.8 39.9 40.6 40.1 29.3 40.5 35.8
(2007) 33.6 54.0 40.4 43.5 45.2 27.6 38.7 36.8
(2010) 37.8 49.1 56.9 36.1 74.3 42.1 39.9 36.9
UM (2005) 40.4 44.7 40.6 34.0 37.5 43.5 38.7 43.3
(2007) 41.4 47.4 45.6 40.4 40.4 48.9 40.1 45.5
(2010) 38.4 58.0 40.9 30.5 60.7 52.7 47.7 33.7
M (2005) 35.7 49.1 43.1 27.8 37.1 35.7 30.8 37.7
(2007) 32.3 49.8 40.0 32.3 43.5 44.3 38.6 34.6
(2010) 37.2 62.7 44.1 33.3 37.4 42.6 38.6 33.4
LM (2005) 38.5 41.7 37.0 29.3 41.3 39.4 31.2 41.2
(2007) 37.1 44.7 47.4 35.5 50.4 60.4 34.5 44.3
(2010) 37.3 64.4 40.1 39.5 56.1 48.7 38.5 34.0
L (2005) 42.2 46.0 38.2 40.9 46.1 51.5 45.3 48.7
(2007) 40.4 43.9 34.2 42.1 46.3 55.0 39.9 49.3
(2010) 34.1 42.5 46.7 46.1 68.3 55.3 41.9 36.8
付表11 深さ7.5-12.5cmにおける交換性苦土［mg MgO/100g］の結果。（書式は付表１に同じ)
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 31.2 36.0 22.6 22.5 27.3 15.8 25.3 29.8
(2007) 33.5 41.6 33.5 33.5 31.3 15.3 32.0 33.7
(2010) 28.6 30.2 33.3 27.9 34.0 25.1 35.3 28.6
UM (2005) 33.4 36.0 24.6 22.3 24.3 23.5 26.5 34.8
(2007) 34.4 38.0 28.8 27.4 25.2 29.0 29.6 35.6
(2010) 30.0 32.3 25.0 18.6 27.5 31.2 31.9 28.2
M (2005) 29.1 36.1 25.5 20.8 23.0 25.3 23.5 31.9
(2007) 30.8 41.2 26.1 21.4 25.2 28.9 31.0 29.4
(2010) 26.8 28.5 25.1 20.6 21.7 26.7 28.2 29.8
LM (2005) 33.1 34.5 27.8 26.0 27.4 29.5 26.6 36.0
(2007) 33.3 34.2 35.2 28.3 34.9 32.9 31.0 35.5
(2010) 26.2 34.1 29.6 28.9 33.2 32.6 31.2 34.0
L (2005) 32.7 35.3 26.1 29.0 32.0 39.7 31.7 39.8
(2007) 32.2 33.5 28.2 36.7 36.2 40.9 32.7 40.7
(2010) 29.5 30.4 38.1 35.6 38.6 40.0 32.5 33.5
付表12 深さ15-20cmにおける交換性苦土［mg MgO/100g］の結果。（書式は付表１に同じ)
N-a  M-a  S-a  C-a  M-b  S-b  C-b  N-b
 
U (2005) 31.8 30.6 21.8 19.8 24.7 19.2 29.7 28.4
(2007) 32.9 35.4 25.1 25.1 23.9 15.3 28.1 29.2
(2010) 26.9 25.8 25.8 25.8 25.5 19.1 29.4 25.7
UM (2005) 32.9 28.8 21.7 19.7 22.2 24.7 25.9 30.5
(2007) 32.4 31.5 22.5 22.1 24.4 29.8 26.6 31.5
(2010) 27.3 24.8 23.1 21.4 22.5 28.3 24.7 27.4
M (2005) 27.8 32.6 22.8 20.3 25.0 25.8 25.4 28.5
(2007) 30.5 33.4 22.5 16.2 23.6 29.1 26.2 29.3
(2010) 28.2 22.2 23.9 22.2 21.2 25.0 24.7 29.2
LM (2005) 35.1 28.4 26.1 25.3 28.5 31.5 26.0 31.0
(2007) 31.4 32.6 28.3 26.1 30.0 30.9 26.4 34.9
(2010) 27.6 28.6 29.7 27.7 30.5 28.3 27.2 30.5
L (2005) 33.3 30.6 22.5 28.5 29.8 38.9 32.0 35.6
(2007) 32.7 29.6 24.4 35.5 32.1 39.2 31.4 34.0
(2010) 30.3 28.6 30.0 34.2 34.7 40.3 29.3 31.7
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